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(54) Aqueous dispersion for chemical mechanical polishing 



(57) The object of the present invention is to provide 
an aqueous dispersion for chemical mechanical polish- 
ing which can be polished working film for semiconduc- 
tor devices and which is useful for STI. The aqueous 
dispersion for chemical mechanical polishing of the in- 
vention is characterized by comprising an inorganic 
abrasive such as silica, ceria and the like, and organic 
particles composed of a resin having anionic group such 



as carboxyl group into the molecular chains. The remov- 
al rate for silicon oxide film is at least 5 times, particularly 
10 times the removal rate for silicon nitride film. The 
aqueous dispersion may also contain an anionic sur- 
factant such as potassium dodecylbenzene sulfonate 
and the like. And a base may also be included in the 
aqueous dispersion for adjustment og the pH to further 
enhance the dispersability, removal rate and selectivity. 
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drastii increases in storag^volumes of memory d^v-o^^ J^'J^^J for are increasing correspondingly, 

the worlcing techniques, increased multilayer w-nng an^^^^ ^l^ZZZ^.^ polishing techniques for polishing 
thus leading to higher chip costs. Given c^cumstanc^^^^ Seated toward these techniques. Application of 

i^^o«lv«y . an *«"«"" f^'^ 'sent Is re<»ss.nf. 

Summary of the Invention 

rate for silicon nitride film, i.e. a high selectivity. 
[00051 The present invention is as follows. 

anionic group is carboxyl. „^^^rwinn tr. anv one of 1 to 3. above, wherein the 

titania and zirconia. ^^.i^hinn arcordina to anv one of 1 . to 4. above, wherein when 

rate for silicon nitride film. ^i^oinniichinn accordina to any one of 1 . to 5. above, which further 

Soon oxM. B « le«. 6 «™s th. ren»va. 1^^^^ 

Jor a shal'w Lch'isolation step in the manufacture of a semiconductor devce. 

,000e, Accordingtotheinvention,itlspossi™^^^^ 
Which isusefulforST. steps. toaowpo.sh.^^ 
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Detailed Description of tlie invention 

t^^par^I lp*. to 100 pans oTth. .,u»us, dlspe«lon. If the sllloa oootcm » le^.h.n 2 '"^ 
fjr~ul,ua«5;i.p,.ve..}»,-«..n,o,.,ha„20p.«,^^^^^^^^^^ 

cationic group result in a relatively lower removal rate for silicon oxide film. 

moie The zeta potential of the organic particles with the anionic group when measured in the water as same pM 

S'€i^a=:rrarri;i°r^^^^^^ 

Kan 0 01 am MO Of the removal rate for silicon oxide film with respect to the removal rate for silicon "rtnde f. m 

wlh a high selectivity, and minimal settling or separation of the particles. The average part«.le s.ze can be measured 
in the same manner as for the inorganic abrasive. 
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[0018] The organic particle content In the aqueous dispersion will depend on the type and the average particle size 
of the inorganic abrasive, but in the case of a silica Inorganic abrasive It may be 0.05-1 0 parts, preferably 0.1-5 parts 
and more preferably 0.2-3 parts, with respect to 100 parts of the aqueous dispersion. If the organic particle content is 
less than 0.05 part, the selectivity Is not adequately Improved, and if it is more than 1 0 parts, the stability of the aqueous 
5 dispersion tends to be lowQr, which Is undesirable in temns of cost. In the case of a ceria Inorganic abrasive, the organic 
particle content may be 0.02-5 parts, preferably 0.05-2 parts and more preferably 0.1 -1 part with respect to 1 00 parts 
of the aqueous dispersion. The organic particle content is preferably not below this range or above this range, because 
the same problems occur as with a silica inorganic abrasive. 

[001 9] The Inorganic abf^sive and organic particles do not necessarily need to be dispersed in a mutually independ- 
10 ent state. For example, an alkoxysllane may be polycondensed together with the Inorganic abrasive and organic par- 
ticles, with the polysiloxane bonded to at least the surface of the organic particles, and with the Inorganic abrasive 
such as silica or ceria also bonded by electrostatic force. The resulting polysiloxane in this case may be directly bonded 
to the anionic group of the organic particles, or it may be indirectly bonded through a silane coupling agent or the like. 
[0020] The medium for the aqueous dispersion may be water or a mixed medium composed mostly of water, such 
15 as a mixture of water and methanol, but water alone is particularly preferred. 

[0021] The aqueous dispersion for chemical mechanical polishing according to the invention comprises an inorganic 
abrasive, organic particles and water, to provide a polishing agent with high selectivity and excellent perfomiance. 
which can be used In STI steps for manufacture of semiconductor devices. With conventionally used silica, the selec- 
tivity is about 2-3, but according to the invention, the use of a combination of organic particles with anionic group and 
20 silica allows a selectivity of 5 or more. When ceria is used as the inorganic abrasive or the conditions are optimized, 
the selectivity can be increased to 10 or more, 20 or more and even 30 or more. 

[0022] It is also possible to increase the selectivity by further including an anionic surfactant. For example, when 
silica is used as the inorganic abrasive, the selectivity can be increased to 6 or more. When ceria is used as the 
inorganic abrasive, the selectivity can be increased to 1 0 or more. 20 or more and even 30 or more. 

25 [0023] The aqueous dispersion of the invention may also include various additives to further enhance its perfomiance. 
[0024] By adding an acid it is possible to stabilize the aqueous dispersion, which will further increase the selectivity 
in some cases. The acid is not particularly restricted, and any organic acid or inorganic acid may be used. As organic 
acids there may be mentioned para-toluenesulfonic acid, dodecylbenzenesulfonic acid, isoprenesulfonic acid, gluconic 
acid, lactic acid, citric acid, tartaric acid, malic acid, glycolic acid, malonic acid, fomitc acid, oxalic acid, succinic acid, 

30 fumaric acid, maleic acid, phthalic acid and the like. As inorganic acids there may be mentioned nitric acid, hydrochloric 
acid, sulfuric acid and the like. These organic acids or inorganic acids may be used alone or in combinations of two or 
more, and organic acids and inorganic acids may also be used together. These acids may be included at 0.02-2 parts 
and especially 0.05-1 part with respect to 100 parts of the aqueous dispersion. 

[0025] A base may also be included in the aqueous dispersion for adjustment of the pH to further enhance the 
35 dispersability, removal rate and selectivity. The pH is not particularly restricted but will nomially be about 5-12 and 
preferably 6-1 1 . The base is also not particulariy restricted, and any organic or inorganic base may be used. As organic 
bases there may be mentioned nitrogen-containing organic compounds such as ethylenediamine, ethanolamine and 
the like. As inorganic bases there may be mentioned ammonia, potassium hydroxide, sodium hydroxide, lithium hy- 
droxide and the like, and these bases may be used alone or in combinations of two or more. The content of these 
40 bases is important for adjustment of the pH, but they may be added at 0.01-1 part and especially 0.02-0.5 part with 
respect to 100 parts of the aqueous dispersion. The preferred pH will differ depending on the inorganic abrasive, and 
in the case of silica the pH is preferably 10-12. while in the case of ceria the pH is preferably 5-12; these pH ranges 
are preferred to allow both enhanced removal rate and selectivity. 

[0026] The aqueous dispersion may also contain, as additional additives, oxidizing agents, polyvalent metal ions. 
45 surfactants and the like. 

[0027] As oxidizing agents, hydrogen peroxide, peroxosulfate, heteropclyacid and the like can be used. As polyvalent 
metal ions, alminlum, titan, chromium, vanadium and the like can be used. 

[0028] The surfactants may be anionic surfactant, nonlonic surfactant, cationic surfactant or amphoteric surfactant, 
but anionic surfactant are preferred. As examples of anionic surfactant there may be mentioned potassium dodecyl- 
50 benzene sulfonate, ammonium dodecyl sulfate and the like. The contents of these anionic surfactant may be 0 to 0.5 
wt%, preferably 0.005 to 0.2 wt% and more preferably 0.01 to 0.1 wt% with respect to the aqueous dispersion. 
[0029] There may also be added dispersing agents such as polyacrylic acid and viscosity adjusters such as poly- 
acrylamide. 

[0030] In the aqueous dispersion of the invention, the aforementioned additives are combined with the inorganic 
55 abrasive and the organic particles with anionic group as necessary, to allow further enhancement of the selectivity in 
STI steps. 

[0031 ] When an aqueous dispersion for chemical mechanical polishing according to the invention is used for chemical 
mechanical polishing of a polishing surface, the polishing may be carried out under prescribed conditions using a 
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commercially available chemical mechanical polishing apparatus (for example, Model "EPO-112" and "EPO-222" by 
Ebara Corporation, Model "LGP510" or"LGP552" by LapmasterSFTCo.. Ltd.; Article name "Mirra" by Applied Materials 
Corp.; Article name Teres" by Lam Research Corp. and Model "AVANTI 472" by Speed Fam-IPEC Corp.). 

5 Description of the PreferrepI Embodiments 

[0032] The present invention will now be explained in further detail by way of examples. 

(1) Synthesis of organic particles 

10 

Synthesis Example 1 [Synthesis of organic particles: Anionic polymethyl methacrylate (anionic PMMA) particles] 

[0033] After loading 96 parts of methyl methacrylate, 4 parts of methacrylic acid, 0,1 part of ammonium lauryl sulfate, 
0.5 part of ammonium persulfate and 400 parts of ion-exchange water into a 2-liter flask, the temperature was raised 

IS to 70'C while stirring in a nitrogen gas atmosphere, for 6 hours of polymerization. This yielded an aqueous dispersion 
comprising carboxyl group- and sulfuric acid ester group-containing anionic PMMA particles with an average particle 
size of 0.2 nm. The polymerization yield was 95%, and the carboxyl group distribution as measured by conductometric 
titration was 40% Inside the particles, 50% on the particle surfaces and 10% in the aqueous phase. The zeta potential 
was -25 mV as measured with a laser Doppler electrophoresis light scattering zeta potential meter (Type "DELSA440" 

20 by COULTER Corp.) 

Synthesis Example 2 [Synthesis of organic particles: Anionic polystyrene (anionic PS) particles] 

[0034] After loading 96 parts of styrene, 4 parts of methacrylic acid, 0.1 part of ammonium lauryl sulfate, 0.5 part of 
25 ammonium persulfate and 400 parts of ion-exchange water into a 2-liter flask, the temperature was raised to 80*C 
while stimng in a nitrogen gas atmosphere, for 12 hours of polymerization. This yielded an aqueous dispersion com- 
prising carboxyl group- and sulfuric acid ester group-containing anionic PS particles with an average particle size of 
0.2 ^lm. The polymerization yield was 95%, and the carijoxyl group distribution as measured by conductometric titration 
was 40% inside the particles, 50% on the particle surfaces and 1 0% in the aqueous phase. The zeta potential was -36 
30 mV as measured in the same manner as Synthesis Example 1 . 

Comparative Synthesis Example 1 [Synthesis of cationic PMMA particles] 

[0035] After loading 95 parts of methyl methacrylate, 5 parts of 4-vinylpy ridine, 2 parts of an azo-based polymerization 
35 initiator (trade name "V50" by Wako Junyaku Co., Ltd.) and 400 parts of ion-exchange water into a 2-liter flask, the 
temperature was raised to 70*»C while stirring in a nitrogen gas atmosphere, for 8 hours of polymerization. This yielded 
amino group-containing cationic PMMA particles with an average particle size of 0.2 [im. The polymerization yield was 
96%. Comparative Synthesis Example 2 [Synthesis of cationic PS particles] 

[00361 After loading 95 parts of styrene, 5 parts of 4-vinylpyridine. 2 parts of an azo-based polymerization initiator 
40 (trade name "V50" by Wako Junyaku Co., Ltd.) and 400 parts of ion-exchange water into a 2-literflask, the temperature 
was raised to 75*C while stirring In a nitrogen gas atmosphere, for 14 hours of polymerization. This yielded amino 
group-containing cationic PS particles with an average particle size of 0,2 |im. The polymerization yield was 94%. 

(2) Aqueous dispersion containing silica as inorganic abrasive, and chemical mechanical polishing employing the same 

45 

Example 1 

[0037] An aqueous dispersion was prepared by adding the anionic PMMA particles of Synthesis Example 1 in an 
amount of 2 wt% to an aqueous dispersion containing 10 wt% fumed silica (#90, product of Nihon Aerosil Co., Ltd.) 
so and 0,2 wt% KOH. 

[0038] This aqueous dispersion was used for chemical mechanical polishing under the following conditions. 
[0039] A 1000 nm thick thermal silicon oxide film and a 200 nm thick silicon nitride blanket wafer were set in a 
chemical mechanical polishing apparatus (Model "EPO-112", product of Ebara Corporation). A porous polyurethane 
polishing pad (product name: "IC1000" by Rodel-Nitta Corp.) was used for polishing of a urethane pad surface for 3 
55 minutes under a load of 300 g/cm2, with a table rotation rate of 50 rpm and a head rotation rate of 50 rpm while supplying 
the aforementioned aqueous dispersion at a rate of 200 cc/min. As a result, the removal rate on the silicon oxide film 
was 144 nm/min while the removal rate on the silicon nitride blanket wafer was 28.2 nm/min. Thus, the selectivity was 
adequately high at 5.1 . and no scratches were produced, thus demonstrating that the aqueous dispersion has adequate 
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performance for STI steps. 

[0040] The numberof scratches was measured with a non-patterned wafer surface foreign matter scanning apparatus 
("Surfacescan 6420", product of KLATencor Co.. Ltd.) after polishing an 8-inch themial oxidation wafer for 2 minutes 
In the same manner. The numbers of scratches in the following examples and comparative examples were measured 
5 in the same manner. ^ 

Examples 2-7 and Comparative Examples 1 -4 

[0041] The removal rate! and numbers of scratches on themial silicon oxide film and silicon nitride blanket wafers 
10 were evaluated In the same manner as Example 1 . using the types of silica, organic particles and additives shown in 
Table 1 . 

[0042] In Table 1 , DBS-K is dodecylbenzenesulfonic acid potassium salt, PAA-K is polyacrylic acid potassium salt 
(molecular weight: 25,000), and IPS-K is polyisoprenesulfonic acid potassium salt (molecular weight: 8000). The col- 
loidal silica used was prepared by solvent replacement of water in a condensate of tetraethoxysilane in an ethanol/ 
15 water mixed solvent using ammonia as the catalyst, as described in J. of Colloid and Interface Science, 25, 62-69 
(1968). Particle size control was accomplished by adjusting the ethanol and water composition. 
[0043] The results are listed in Table 1 together with the results for Example 1 . 

[0044] According to Table 1, the removal rates In Examples 1 to 7 were adequate at 101 nm/min or more, and the 
selectivilies were also 5.1 or more, indicating them to be useful as aqueous dispersions for STI steps. Also, virtually 
20 no scratches were observed, indicating excellent polishing. On the other hand, the selectivities in Comparative Exam- 
ples 1 and 4 were low at 2.8 and 2.6, respectively, such that they cannot be used as aqueous dispersions for STI steps, 
and the selectivities in Comparative Examples 2 and 3 were even lower and the removal rates were low, demonstrating 
that they are not suitable for practical use. 
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(3) Aqueous dispersion containing ceria as inorganic abrasive, and chemical mechanical polishing employing the same 
Example 8 

[0045] Using bastnaesite as the starting material, this was subjected to all<ali treatment and then dissolved in nitric 
acid and subjected to extraction with an organic solvent to remove the impurities, and then after dissolution in nitric 
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acid, it was recrystallized 3 times as a carbonate salt to obtain a highly pure carbonate salt of cerium. This was fired 
at 900**C to obtain ceria. The ceria was dispersed in ion-exchange water to a content of 0.3 wt%, and the pH was 
adjusted to 6.5 with ammonia to obtain an aqueous dispersion containing ceria with an average particle size of 0.24 
|im. Next, the anionic PMMA particles of Synthesis Example 1 were added to a content of 0.7 wt%, to prepare an 

5 aqueous dispersion. \ 

[0046] This aqueous dispersion was used to evaluate the removal rates on a thermal silicon oxide film and silicon 
nitride blanket wafer in the same manner as Example 1 , except that the load was 250 g/cm^ and the polishing time 
was 3 minutes. As a result.. the removal rate on the silicon oxide film was 299 nm/min while the removal rate on the 
silicon nitride blanket wafef? was 13.6 nm/min. Thus, the selectivity was adequately high at 22, and no scratches were 

10 produced, thus demonstrating the aqueous dispersion to have adequate perfomnance for STI steps. 

Examples 9-16 and Comparative Examples 5-1 0 

[0047] The removal rates and numbers of scratches on thermal silicon oxide film and silteon nitride blanket wafers 
15 were evaluated in the same manner as Example 8, using the ceria concentrations, the types and concentrations of 
organic particles and the types of additives shown in Table 2. 
[0048] The DBS-K, PAA-K and IPS-K in Table 2 are the same as In Table 1 . 
[0049] The results are listed in Table 2 together with the results for Example 8. 

[0050] According to Table 2, the removal rates in Examples 8 to 16 were adequately high at 245 nm/min or more, 
20 and the selectivities were also adequately high at 22 or more. Also, no scratches were observed, Indicating excellent 
polishing. On the other hand, the selectivities in Comparative Examples 5, 8, 9 and 1 0 were low and numerous scratches 
were found, demonstrating that they are not suitable for STI use. In Comparative Examples 6 and 7, the insufficient 
removal rate on the silicon oxide film and numerous scratches constituted a problem. 
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[0051] The object of the present invention is to provide an aqueous dispersion for chemical mechanical polishing 
which can be polished working film for semiconductor devices and which is useful for STI. The aqueous dispersion for 
55 chemical mechanical polishing of the invention is characterized by comprising an inorganic abrasive such as silica, 
ceria and the like, and organic particles composed of a resin having anionic group such as carboxyl group into the 
molecular chains. The removal rate for silicon oxide film is at least 5 times, particularly 10 times the removal rate for 
silicon nitride film. The aqueous dispersion may also contain an anionic surfactant such as potassium do decylbenzene 
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sulfonate and the like. And a base may also be included in the aqueous dispersion for adjustment og the pH to further 
enhance the dispersability, removal rate and selectivity. 

Claims ^ 

1 . An aqueous dispersion for chemical mechanical polishing characterized by comprising an inorganic abrasive and 
organic particles with anionic group, wherein the removal rate for silicon oxide film Is at least 5 times the removal 
rate for silicon nitride iflm. 

2. An aqueous dispersion for chemical mechanical polishing according to claim 1 , wherein said anionic group is at 
least one selected from among carboxyl group, hydroxyl group, sulfuric acid ester group, sulfonic acid group, 
phosphoric acid group and epoxy group. 

15 3. An aqueous dispersion for chemical mechanical polishing according to claim 2, wherein said anionic group is 
carboxyl. 

4. An aqueous dispersion for chemical mechanical polishing according to any one of claims 1 to 3, wherein the zeta 
potential of said organic particles with said anionic group is -10 mV or lower. 



10 



20 



. An aqueous dispersion for chemical mechanical polishing according to any one of claims 1 to 4, wherein said 
inorganic abrasive is at least one selected from the group consisting of silica, ceria, alumina, titania and zirconia. 

6. An aqueous dispersion for chemical mechanical polishing according to any one of claims 1 to 4, wherein when 
25 said inorganic abrasive is silica, the removal rate for silicon oxide film is at least 5 times the removal rate for silicon 

nitride film. 

7. An aqueous dispersion for chemical mechanical polishing according to any one of claims 1 to 5, which further 
comprises an anionic surfactant, wherein when said inorganic abrasive is silica, the removal rate for silicon oxide 

30 film is at least 6 times the removal rate for silicon nitride film. 

8. An aqueous dispersion for chemical mechanical polishing according to any one of clain^ 1 to 4, wherein when 
said inorganic abrasive is ceria, the removal rate for silicon oxide film is at least 10 times the removal rate for 
silicon nitride film. 

9. An aqueous dispersion for chemical mechanical polishing according to any one of claims 1 to 5, which further 
comprises an anionic surfactant, wherein when said inorganic abrasive is ceria, the removal rate for silicon oxide 
film is at least 1 0 times the removal rate for silicon nitride film. 

40 10. An aqueous dispersion for chemical mechanical polishing according to any one of claims 1 to 9, which is used for 
a shallow trench isolation step in the manufacture of a semiconductor device. 
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